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FIG. 3A 
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FIG.3E 

Selective Epitaxial Growth SEG 
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F.G. 5A 
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FIG. 5C 
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1. 

SEMCONDUCTORDEVICE WITH 
STRAINED CHANNEL AND METHOD OF 

FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority of Korean patent 
application number 10-2008-0036010, filed on Apr. 18, 2008, 
which is incorporated herein by reference in its entirety. 

BACKGROUND 

The disclosure relates to a method of fabricating a semi 
conductor device, and more particularly, to a semiconductor 
device with a strained channel and a method of fabricating the 
SaC. 

As the integration of semiconductor devices continues to 
increase, the channel lengths of metal oxide semiconductor 
(MOS) devices continue to be reduced. The reduction in a 
channel length increases carrier mobility, i.e., hole or electron 
mobility, and thus an operation speed and operation current of 
a semiconductor device also increases. 

However, the reduction in a channel length brings about a 
short channel effect (SCE) such as a decrease in a threshold 
Voltage. If an impurity doping concentration increases to 
overcome the short channel effect, an impurity Scattering of 
carriers into a channel or channels also increases, resulting in 
a decrease in carrier mobility. Accordingly, the operation 
speed and operation current of a device is reduced. 

Therefore, various methods of increasing carrier mobility 
by inducing a strain in the channels have been proposed to 
improve the operation speed and operation current of a semi 
conductor device. Among these methods, much attention has 
been paid to a method of forming a strained channel, which 
includes forming a recess pattern in a region for a source and 
a drain around sidewalls of a gate pattern, filling the recess 
pattern with an epitaxial layer formed of a Group IV element 
having a different lattice constant from that of silicon, and 
applying a stress to the channel. 

FIG. 1 illustrates a cross-sectional view of a typical semi 
conductor device with a strained channel. 

Referring to FIG. 1, a gate pattern 13 is formed on a silicon 
substrate 11, and gate spacers 14 are formed on both sidewalls 
of the gate pattern 13. At both sides of the gate pattern 13, 
recess patterns 12 are provided in the silicon substrate 11 
where a source S and a drain D will be formed. Epitaxial 
layers 15 are formed to fill the recess patterns 12 through 
selective epitaxial growth (SEG). A strained channel C is 
formed in the silicon substrate 11 between the recess patterns 
12. The epitaxial layers 15 are formed of a material having a 
different lattice constant from that of the silicon substrate 11, 
and serve as the source S and the drain D. For example, the 
epitaxial layer 15 is an epitaxial silicon germanium (SiGe) 
layer or an epitaxial silicon carbon (SiC) layer. 

To effectively induce a strain in the channel C in the typical 
semiconductor device, a method of increasing a Volume of the 
epitaxial layer 15 by increasing a depth of the recess pattern 
12, or a method of increasing a difference in lattice constant 
between the silicon substrate 11 and the epitaxial layer 15 by 
increasing the concentration of germanium or carbon in the 
epitaxial layer 15, is employed. 

However, the increase in the depth of the recess pattern 
causes a growth thickness of the epitaxial layer 15 to be 
increased, leading to a reduction in productivity of devices. 
Furthermore, due to a critical thickness of the epitaxial layer 
15 allowing the epitaxial layer 15 to grow without a defect 
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2 
through the SEG, the layer quality of the epitaxial layer 15 is 
reduced as the growth thickness of the epitaxial layer 15 is 
increased. 

Moreover, if the concentration of germanium or carbon in 
the epitaxial layer 15 increases, the critical thickness allowing 
the epitaxial layer 15 to grow without a defect through the 
SEG is reduced and therefore reduces the quality of the layer. 

SUMMARY 

Embodiments are directed to providing a semiconductor 
device with a strained channel and a method for fabricating 
the same, which can increase a Volume of an epitaxial layer 
serving as a source and a drain without an increase in a depth 
of a recess pattern. 

Embodiments are also directed to provide a semiconductor 
device with a strained channel and a method for fabricating 
the same, which can induce a strain in the channel effectively 
without an increase in a concentration of germanium or car 
bon in an epitaxial layer serving as a source and a drain. 

In accordance with one embodiment, there is provided a 
semiconductor device, which includes: a gate pattern over a 
substrate; recess patterns provided in the substrate at both 
sides of the gate pattern, each having a side Surface extending 
below the gate pattern; and a source and a drain filling the 
recess patterns, and forming a strained channel under the gate 
pattern. The semiconductor device may further include pro 
tection layers disposed between the Substrate and the source, 
and between the substrate and the drain. 
The Substrate may include a silicon Substrate, and the 

Source and the drain include a material having a lattice con 
stant differing from that of the substrate. 
The source and the drain may include an epitaxial layer 

formed by a selective epitaxial growth (SEG). The source and 
the drain may include one layer selected from the group 
consisting of an epitaxial silicon germanium (SiGe) layer, an 
epitaxial silicon carbon (SiC) layer, and an epitaxial silicon 
germanium carbon (SiGeC) layer. The concentration of ger 
manium in the epitaxial silicon germanium layer may range 
from approximately 5% to approximately 50%. The concen 
tration of carbon in the epitaxial silicon carbon layer may 
range from approximately 0.1% to approximately 10%. The 
Source and the drain may include an epitaxial layer doped 
with p-type or n-type dopant. 
The protection layer may include a material having a lattice 

constant equal to that of the Substrate. The protection layer 
may include an epitaxial layer formed through an SEG. The 
protection layer may include an epitaxial silicon layer. 

In accordance with another embodiment, there is provided 
a method for fabricating a semiconductor device, the method 
including: forming a gate pattern over a Substrate; etching the 
substrate at both sides of the gate pattern to form recess 
patterns each having a side Surface extending below the gate 
pattern; and forming a source and a drain filling the recess 
patterns through an epitaxial growth. The method may further 
include a protection layer over a surface of the recess pattern 
through an epitaxial growth before forming the Source and the 
drain. 
The Substrate may include a silicon Substrate, and the 

Source and the drain include a material having a lattice con 
stant differing from that of the substrate. 
The formation of the recess patterns may include: forming 

first gate spacers over both sidewalls of the gate pattern; 
performing a primary etch on the Substrate to a predetermined 
etch depth using the gate pattern and the first gate spacers as 
an etch barrier through an anisotropic etch; forming second 
gate spacers over both of the sidewalls of the gate pattern and 
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sidewalls of the Substrate exposed during the primary etch; 
and performing a secondary etch on the Substrate using the 
gate pattern and the second gate spacer as an etch barrier 
through an isotropic etch. The predetermined depth of the 
primary etch may range from approximately 20% to approxi 
mately 50% with respect to a total depth of the recess pattern. 
The source and the drain may include an epitaxial layer 

growing through an SEG. The source and the drain may 
include one selected from the group consisting of an epitaxial 
silicon germanium (SiGe) layer, an epitaxial silicon carbon 
(SiC) layer, and an epitaxial silicon germanium carbon 
(SiGeC) layer. The concentration of germanium in the epi 
taxial silicon germanium layer may range from approxi 
mately 5% to approximately 50%. The concentration of car 
bon in the epitaxial silicon carbon layer may range of 
approximately 0.1% to approximately 10%. The source and 
the drain may include an epitaxial layer doped with p-type or 
n-type dopant. 
The protection layer may include a material having a lattice 

constant equal to that of the Substrate. The protection layer 
may include an epitaxial layer formed through an SEG. The 
protection layer may include an epitaxial silicon layer. The 
Source and drain, and the protection layer may be formed 
in-situ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments are illustrated by way of example, 
and not by limitation, in the figures of the accompanying 
drawings. 

FIG. 1 illustrates a cross-sectional view of a typical semi 
conductor device with a strained channel. 

FIG. 2 illustrates a semiconductor device with a strained 
channel in accordance with one embodiment. 

FIGS. 3A to 3E illustrate a method for fabricating the 
semiconductor device with a strained channel in accordance 
with the embodiment. 

FIG. 4 illustrates a semiconductor device with a strained 
channel in accordance with another embodiment. 

FIGS. 5A to 5E illustrate a method for fabricating the 
semiconductor device with a strained channel in accordance 
with the another embodiment. 

DESCRIPTION OF EMBODIMENTS 

Other objects and advantages can be understood by the 
following description, and become apparent with reference to 
the embodiments. 

In the figures, the dimensions of the layers and regions are 
exaggerated for clarity of illustration. It will also be under 
stood that when a layer (or film) is referred to as being on 
another layer or substrate, it can be directly on the other layer 
or Substrate, or intervening layers may also be present. Fur 
thermore, it will be understood that when a layer is referred to 
as being under another layer, it can be directly under, and 
one or more intervening layers may also be present. In addi 
tion, it will also be understood that when a layer is referred to 
as being between two layers, it can be the only layer between 
the two layers, or one or more intervening layers may also be 
present. 
The embodiments to be described below relate to a semi 

conductor device with a strained channel and a method for 
fabricating the same, which can improve an operation current 
and operation speed of the semiconductor device by enhanc 
ing carrier mobility in virtue of a strain applied to the channel. 

FIG. 2 illustrates a semiconductor device with a strained 
channel in accordance with an embodiment. 
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4 
Referring to FIG. 2, the semiconductor device includes a 

gate pattern 25 disposed on a Substrate 21, recess patterns 28, 
a source S, and a drain D. The recess patterns 28 are provided 
in the substrate 21 at both sides of the gate pattern 25. Each of 
the recess patterns 28 has a side surface or extension 28A 
extending below the gate pattern 25. The source S and the 
drain D fill the recess pattern 28, and a strained channel C is 
provided under the gate pattern 25. The semiconductor device 
may further include first gate spacers 26 on both sidewalls of 
the gate pattern 25, and second gate spacers 27 on the first gate 
spacers 26. Here, one end of the second gate spacer 27 
extends to the side surface 28A of the recess pattern 28. The 
substrate 21 may be a silicon substrate. 
The source S and the drain D may include an epitaxial layer 

29 that is formed of a material having a different lattice 
constant from that of the silicon substrate, and formed 
through an epitaxial growth, for example, a selective epitaxial 
growth (SEG). The epitaxial layer 29 includes an epitaxial 
silicon layer. The epitaxial silicon layer 29 may contain at 
least one of germanium (Ge) and carbon (C). For example, the 
epitaxial layer 29 may be one selected from the group con 
sisting of an epitaxial silicon germanium (SiGe) layer, an 
epitaxial silicon carbon (SiC) layer, and an epitaxial silicon 
germanium carbon (SiGeC) layer. 
The amount of stress applied to the channel C can be 

adjusted depending on the concentration of germanium or 
carbon contained in the epitaxial layer 29. This is because a 
difference in lattice constant between the substrate 21 and the 
epitaxial layer 29 increases as the concentration of germa 
nium or carbon contained in the epitaxial layer 29 increases. 
As the difference in lattice constant between the substrate 21 
and the epitaxial layer 29 increases, the amount of stress 
applied to the channel C also increases so that the strained 
channel C can be effectively formed. However, the concen 
tration and the layer quality establish a trade-off relationship. 
That is, as the concentration of germanium or carbon con 
tained in the epitaxial layer 29 increases, the layer quality of 
the epitaxial layer 29 decreases. Therefore, the concentration 
of germanium contained in the epitaxial silicon germanium 
layer may be in the range of approximately 5% to approxi 
mately 50%, and the concentration of carbon contained in the 
epitaxial silicon carbon layer may be in the range of approxi 
mately 0.1% to approximately 10%. 
The electrical properties of a semiconductor device can be 

controlled depending on the kinds of germanium or carbon 
that is contained in the epitaxial layer 29. To be specific, the 
epitaxial layer 29 may beformed of an epitaxial SiGe layer in 
a PMOS. This is because the epitaxial SiGe layer applies a 
compressive stress to the channel C to increase hole mobility. 
In contrast, the epitaxial layer 29 is formed of an epitaxial SiC 
layer in an NMOS because the epitaxial SiC layer applies a 
tensile stress to the channel C to increase electron mobility. 

Furthermore, the epitaxial layer 29 may include dopant to 
adjust conductivity in that the epitaxial layer 29 serves as the 
Source S and the drain D. The kind of dopant, doping concen 
tration, and doping method can be determined and controlled 
according to the characteristics of the device. More specifi 
cally, a PMOS may use p-type dopant such as boron (B), and 
an NMOS may use n-type dopant such as phosphor (P) or 
arsenide (AS). The doping concentration may be in the range 
of approximately 1x10" atoms/cm to approximately 1x10' 
atoms/cm. The doping process is performed in-situ during 
the formation of the epitaxial layer 29, or may be performed 
using ion implantation after the epitaxial layer 29 grows. 
The gate pattern 25 may include a gate dielectric layer 22, 

a gate electrode 23, and a gate hard mask layer 24. The gate 
dielectric layer 22 may include an oxide, e.g., silicon oxide 
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(SiO) layer. The gate electrode 23 may include one layer 
selected from the group consisting of a polysilicon layer, a 
metal layer, a conductive metal nitride layer, a conductive 
metal oxide layer, and a metal silicide layer, or a multilayer 
thereof. The metal layer may include tungsten (W), nickel 
(Ni) or titanium (Ti). The conductive metal nitride layer may 
include a titanium nitride (TiN) layer. The conductive metal 
oxide layer may include an iridium oxide (IrO) layer. The 
metal silicide layer may include a titanium silicide (TiSi) 
layer. The gate hard mask layer 24 may include a monolayer 
selected from the group consisting of an oxide layer, a nitride 
layer, an oxynitride layer, and an amorphous carbon layer, or 
a multilayer thereof. The oxide layer may include boronphos 
phorus silicate glass (BPSG), phosphorus silicate glass 
(PSG), tetra ethyl ortho silicate (TEOS), undoped silicate 
glass (USG), spin-on glass (SOG), high-density plasma 
(HDP) or spin-on dielectric (SOD). The nitride layer may 
include a silicon nitride (SiNa) layer. The oxynitride layer 
may include a silicon oxynitride (SiON) layer. 
As described above, the semiconductor device in accor 

dance with one or more embodiments includes the recess 
pattern 28 of which the side surface 28A extends below the 
gate pattern 25, which makes it possible to increase a Volume 
of the epitaxial layer 29 without an increase in a depth of the 
recess pattern 28. That is, the volume of the epitaxial layer 29 
can be increased without increasing the growth thickness of 
the epitaxial layer 29. 

The increase in the volume of the epitaxial layer 29 can 
effectively induce a strain in the channel C, thus improving 
electrical properties of the semiconductor device with the 
strained channel. Furthermore, the concentration of germa 
nium or carbon contained in the epitaxial layer 29 can be 
reduced by increasing the volume of the epitaxial layer 29. 
This allows the layer quality of the epitaxial layer 29 to be 
improved. 

In addition, the growth thickness of the epitaxial layer 29 is 
not increased, so that the defect-free epitaxial layer, i.e., the 
epitaxial layer 29 with excellent layer quality can be obtained 
and the productivity of the epitaxial layer 29 can be improved 
as well. 

Consequently, in accordance with one or more embodi 
ments, it is possible to improve device characteristics by 
increasing an operation speed and operation current of the 
semiconductor device with the strained channel. 

FIGS. 3A to 3E illustrate a method for fabricating the 
semiconductor device with a strained channel in accordance 
with the embodiment. 

Referring to FIG. 3A, a gate pattern 25 is formed on a 
Substrate 21. Here, although not shown, a device isolation 
structure is formed to isolate devices before the formation of 
the gate pattern 25. 

The gate pattern 25 may be formed to have a stacked 
structure where a gate dielectric layer 22, a gate electrode 23, 
and a gate hard mask layer 24 are stacked in sequence. The 
gate dielectric layer 22 may include an oxide layer, e.g., a 
silicon oxide (SiO) layer, and the silicon oxide layer may be 
formed using thermal oxidation process. The gate electrode 
23 may include a monolayer selected from the group consist 
ing of a polysilicon layer, a metal layer, a conductive metal 
nitride layer, a conductive metal oxide layer, and a metal 
silicide layer, or a multilayer thereof. The gate hard mask 
layer 24 may include a monolayer selected from the group 
consisting of an oxide layer, a nitride layer, an oxynitride 
layer, and an amorphous carbon layer, or a multilayer thereof. 
The substrate 21 may include a silicon substrate. 

First gate spacers 26 are formed on both sidewalls of the 
gate pattern 25. The first gate spacer 26 may include a mono 
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6 
layer or a multilayer of oxide and/or nitride. The oxide layer 
may be a silicon oxide layer (SiO2), and the nitride layer may 
be a silicon nitride (SiN) layer. 

Here, the first gate spacers 26 may be formed in various 
ways. For example, a nitride layer can be formed over the 
substrate 21 including the gate pattern 25, and a blanket etch 
is then performed to form the first gate spacers 26. The blan 
ket etch may be performed using an etch-back process. 

Referring to FIG. 3B, the substrate 21 is etched to a pre 
determined depth using the gate pattern 25 and the first gate 
spacer 26 as an etch barrier, which will be referred to as a 
primary etch for simplicity. The primary etch, which is a 
process of forming a recess pattern of which a side Surface 
extends below the gate pattern 25, may be controlled such that 
an etch depth is in the range of approximately 20% to approxi 
mately 50% with respect to a total depth of a recess pattern to 
be formed later. 

Here, the primary etch may be performed anisotropically. 
Therefore, the primary etch may be performed using an aniso 
tropic dry etch. The anisotropic dry etch may be performed 
ex-situ or in-situ. For reference, the meaning of anisotropic 
dry etch performed ex-situ, is that the etching process of 
forming the first gate spacer 26 and the primary etch are 
performed in different chambers, respectively, or performed 
in the same chamber discontinuously. The meaning of aniso 
tropic dry etch performed in-situ, is that the etching process of 
forming the first gate spacer 26 and the primary etch are 
performed in the same chamber continuously. 
To be specific, the primary etch using the anisotropic dry 

etch may be performed using plasma including a gas contain 
ing fluorine (F) and carbon (C) and a gas mixture of oxygen 
(O) gas and argon (Ar) gas. The gas containing fluorine (F) 
and carbon (C) may include fluorocarbon (CF) gas, wherex 
andy are natural numbers, or fluoromethane (C, H,F), where 
X, y and Z are natural numbers. The fluorocarbon gas may 
include CF, CF, etc., and the fluoromethane gas may 
include CHF, CHF, etc. For example, the primary etch 
may be performed using a plasma of a gas mixture of CF/ 
O/Ar, or a plasma of a gas mixture of CHF/O/Ar. 

Referring to FIG. 3C, an insulation layer for a gate spacer 
is formed over the Substrate 21 including the first gate spacers 
26, and a blanket etch, e.g., etch-back process is then per 
formed to form second gate spacers 27 on both sidewalls of 
the gate pattern 25 including the first gate spacers 26. Result 
antly, the second gate spacers 27 are formed to cover both 
sidewalls of the gate pattern 25 and both sidewalls of a portion 
of the substrate 21 protruding upward, which has been formed 
by way of the primary etch. 

Here, the second gate spacer 27 may include a monolayer 
or a multilayer of oxide and/or nitride. A thickness of the 
second gate spacer 27 can be adjusted in consideration of a 
Subsequent process of forming a recess pattern. 
The substrate 21 is etched using the gate pattern 25 and the 

second gate spacers 27 as an etch barrier to thereby form 
recess patterns 28 of which side surfaces 28A extend below 
the gate pattern 25. Hereinafter, this etching process will be 
referred to as a secondary etch. The recess patterns 28 are 
regions where a source and a drain will be formed during a 
Subsequent process. 
The secondary etch for forming the recess pattern 28 of 

which the side surface 28A extends below the gate pattern 25, 
may be performed such that the substrate 21 is etched to an 
etch depth ranging from approximately 100 A to approxi 
mately 1,000A in a vertical direction, and also etched suffi 
ciently in a horizontal (lateral) direction considering a thick 
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ness of the first gate spacer 26, a thickness of the second gate 
spacer 27, a channel length, and a height of the gate pattern 
25. 

Further, the secondary etch may be performed isotropically 
to extend the side surface 28A of the recess pattern 28 below 
the gate pattern 25. Therefore, the secondary etch may be 
performed using an isotropic dry etch or isotropic wet etch. 
The isotropic dry etch may be performed ex-situ or in-situ. 

For example, when the secondary etch is performed using 
the isotropic dry etch, the secondary etch may be performed 
using a plasma of a gas mixture containing HBr, Cl, and SF. 
As it is well known, a silicon layer (or silicon Substrate) is 
widely used for isotropic etch because silicon exhibits excel 
lent reactivity with HBr, Cl, and SF. Here, since the sec 
ondary etch is an isotropic etch, the substrate 21 is etched only 
in a vertical direction due to the second gate spacer 27 at an 
initial etching stage. However, as the secondary etch is further 
performed to expose the substrate 21 uncovered with the 
secondary gate spacer 27, the substrate 21 begins to be etched 
in a horizontal direction. Resultantly, it is possible to form the 
recess pattern 28 having the side surface 28A of which an etch 
profile has the shape of C or <, as illustrated in FIG.3C. 

Meanwhile, etch by-products may be produced during the 
secondary etch, and remain on the Surface of the recess pat 
tern 28. The etch by-products remaining on the surface of the 
recess pattern 28 may cause defects to be generated in an 
epitaxial layer during a Subsequent epitaxial growth, or the 
adhesion between the epitaxial layer and the substrate 21 
becomes poor so that the epitaxial layer may not grow well. 
When the secondary etch is performed using plasma, the 

Surface of the recess pattern 28 may be damaged by plasma, 
which causes defects to be generated on the surface of the 
recess pattern 28. The defects on the surface of the recess 
pattern 28 propagate into the epitaxial layer during an epi 
taxial growth to be performed later, and resultantly the layer 
quality of an epitaxial layer may be deteriorated. 

Therefore, referring to FIG. 3D, a cleaning treatment is 
performed on the surface of the recess pattern 28 to remove 
residues, e.g., etch by-products remaining on the Surface of 
the recess pattern 28, and also to cure Surface damage of the 
recess pattern 28. The cleaning treatment may be performed 
using either a wet cleaning or dry cleaning or both of wet 
cleaning and dry cleaning. More specifically, the dry cleaning 
may be performed using a gas mixture of CF and O, and the 
wet cleaning may be performed using a mixed solution of 
Sulfuric acid (H2SO4) and hydrogen peroxide (H2O) or using 
a buffered oxide etchant (BOE) which is a mixed solution of 
NHF and HF. 

Also, the cleaning treatment may be performed in-situ in an 
apparatus of forming an epitaxial layer. The cleaning treat 
ment may be performed using a gas or solution having good 
etch selectivity allowing damage to the first and second gate 
spacers 26 and 27 to be minimized. Furthermore, the cleaning 
treatment may be performed at a relatively low temperature, 
e.g., in the range of a room temperature to approximately 
600° C. 

In this way, it is possible to prevent defects from being 
generated in an epitaxial layer to be formed later, by removing 
residues such as a natural oxide and an etch by-product 
remaining on the Surface of the recess pattern, and simulta 
neously curing the Surface damage of the recess pattern 
through the cleaning treatment. 

Referring to FIG.3E, epitaxial layers 29 are formed in the 
recess patterns 28 using an epitaxial growing apparatus. The 
epitaxial layers 29 serve as a source S and a drain D, respec 
tively, and are formed of a material having a different lattice 
constant from that of the substrate 21, i.e., silicon substrate. 
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8 
By virtue of a difference in lattice constant between the epi 
taxial layer 29 and the substrate 21, a strained channel C can 
be formed in the substrate 21 between the source S and the 
drain D. 
The growth thickness of the epitaxial layer 29 is deter 

mined depending on the depth of the recess pattern 28 and 
device characteristics, and may be in the range of approxi 
mately 100 A to approximately 2,000 A. 

Alternatively, the epitaxial layer 29 may beformed through 
epitaxial growth, for example, selective epitaxial growth 
(SEG). At this time, the epitaxial layer 29 includes an epi 
taxial silicon layer, and the epitaxial silicon layer contains 
either germanium or carbon or both of germanium and car 
bon. For example, the epitaxial layer 29 may beformed of one 
selected from the group consisting of an epitaxial silicon 
germanium (SiGe) layer, an epitaxial silicon carbon (SiC) 
layer, and an epitaxial silicon germanium carbon (SiGeC) 
layer. 
The electrical properties of a semiconductor device can be 

controlled depending on kinds of germanium or carbon con 
tained in the epitaxial layer 29. To be specific, the epitaxial 
SiGe layer applies a compressive stress to the channel C to 
increase hole mobility, and thus it may be applicable to a 
PMOS. The epitaxial SiC layer applies a tensile stress to the 
channel C to increase electron mobility, and thus it may be 
applicable to an NMOS. 
The amount of stress applied to the channel C can be 

adjusted depending on the concentration of germanium or 
carbon contained in the epitaxial layer 29. This is because the 
difference in lattice constant between the substrate 21 and the 
epitaxial layer 29 increases as the concentration of germa 
nium or carbon contained in the epitaxial layer 29 increases. 
As the difference in lattice constant between the substrate 21 
and the epitaxial layer 29 increases, the amount of stress 
applied to the channel C increases so that the strained channel 
C can be effectively formed. However, the concentration and 
the layer quality have a trade-off relationship. That is, as the 
concentration of germanium or carbon contained in the epi 
taxial layer 29 increases, the layer quality of the epitaxial 
layer 29 decreases. Therefore, the concentration of germa 
nium contained in the epitaxial silicon germanium layer may 
be in the range of approximately 5% to approximately 50%, 
and the concentration of carbon contained in the epitaxial 
silicon carbon layer may be in the range of approximately 
0.1% to approximately 10%. 

Furthermore, the epitaxial layers 29 may include dopant 
because they serve as the source S and the drain D. The kind 
of dopant, doping concentration, and doping method can be 
determined and controlled according to device characteris 
tics. To be specific, a PMOS may use p-type dopant such as 
boron (B), and an NMOS may use n-type dopant such as 
phosphor(P) or arsenide (AS). The doping concentration may 
be in the range of approximately 1x10" atoms/cm to 
approximately 1x10' atoms/cm. The doping process is per 
formed in-situ during the formation of the epitaxial layer 29, 
or may be performed using ion implantation after the epi 
taxial layer 29 grows. 
The epitaxial layer 29 may be formed in an apparatus 

employing one selected from the group consisting of low 
pressure chemical vapor deposition (LPCVD), very low pres 
sure CVD (VLPCVD), plasma enhanced-CVD (PE-CVD), 
ultrahigh vacuum CVD (UHVCVD), rapid thermal CVD 
(RTCVD), atmosphere pressure CVD (APCVD), and 
molecular beam epitaxy (MBE). The epitaxial layer 29 may 
grow at a temperature ranging from approximately 400°C. to 
approximately 800° C. 
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Through the above-described procedure, the semiconduc 
tor device with the strained channel C inaccordance with one 
embodiment can be fabricated. 
As described above, the semiconductor device of the 

embodiments includes the recess pattern 28 of which the side 
surface 28A extends below the gate pattern 25, which makes 
it possible to increase a volume of the epitaxial layer 29 
without an increase in a depth of the recess pattern 28. That is, 
the volume of the epitaxial layer 29 can be increased without 
increasing the growth thickness of the epitaxial layer 29. 
The increase in the volume of the epitaxial layer 29 can 

effectively induce a strain in the channel C, which can 
improve electrical properties of the semiconductor device 
with the strained channel. Furthermore, the concentration of 
germanium or carbon contained in the epitaxial layer 29 can 
be reduced by increasing the volume of the epitaxial layer 29. 
This allows the layer quality of the epitaxial layer 29 to be 
improved. 

In addition, the growth thickness of the epitaxial layer 29 is 
not increased, so that the defect-free epitaxial layer, i.e., the 
epitaxial layer 29 with excellent layer quality can be obtained 
and the productivity of the epitaxial layer 29 can be improved 
as well. 

Consequently, device characteristics can be enhanced by 
increasing an operation speed and operation current of the 
semiconductor device with the Strained channel, thus improv 
ing the yield of semiconductor devices. 

FIG. 4 illustrates a semiconductor device with a strained 
channel in accordance with another embodiment. 

Referring to FIG. 4, the semiconductor device includes a 
gate pattern 35 disposed on a substrate 31, recess patterns 38. 
protection layers, a source S, and a drain D. The recess pat 
terns 38 are provided in the substrate 31 at both sides of the 
gate pattern 35, and each of the recess patterns 38 has a side 
surface 38A extending below the gate pattern35. The protec 
tion layers are disposed on the Surfaces of the recess patterns 
38. The source S and the drain D are disposed on the protec 
tion layers, and fill the recess patterns 38 so that a strained 
channel C is disposed under the gate pattern 35. The semi 
conductor device may further include first gate spacers 36 on 
both sidewalls of the gate pattern35, and second gate spacers 
37 on the first gate spacers 36. Here, one end of the second 
gate spacer 37 extends to the side surface 38A of the recess 
pattern 38. The substrate 31 may be a silicon substrate. 
The protection layer, the source S and the drain D may be 

a stacked structure formed through an epitaxial growth. To be 
specific, first epitaxial layers 39A on the surfaces of the recess 
patterns 38 serve as the protection layers, and second epi 
taxial layers 39B, which are disposed on the first epitaxial 
layers 39A and fill the recess patterns 38, serve as the source 
S and the drain D. 
The first epitaxial layer 39A serving as the protection layer 

may be formed through an epitaxial growth, e.g., SEG, and 
improves the layer quality of the second epitaxial layer 39B. 
In more detail, the first epitaxial layer 39A covers surface 
defects in the recess pattern 38 generated during the forma 
tion of the recess pattern 38, and thus prevents the surface 
defects of the recess pattern 38 from propagating into the 
second epitaxial layer 39B. Consequently, it is possible to 
prevent the quality of the second epitaxial layer 39B from 
being deteriorated. To be specific, the first epitaxial layer 39A 
covers surface defects in the recess pattern 38 generated dur 
ing the formation of the recess pattern 38, it can prevent the 
deterioration of the quality of the second epitaxial layer 39B 
which may be caused by the propagation of the Surface 
defects in the recess pattern 38 into the second epitaxial layer 
39B. To this end, the first epitaxial layer 39A may be formed 
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10 
of a material having the same lattice constant as the silicon 
substrate. Therefore, the first epitaxial layer 39A may include 
an epitaxial silicon layer. 

Furthermore, the first epitaxial layer 39A inhibits the dif 
fusion of dopant from the second epitaxial layer 39B and thus 
maintains a junction depth between the source S and the drain 
D shallow. For a shallow junction depth, the first epitaxial 
layer 39A may be formed of undoped material, e.g., undoped 
epitaxial silicon. 
The second epitaxial layer 39B serving as the source S and 

the drain D may be formed of a material having a different 
lattice constant from that of the substrate 31, i.e., silicon 
Substrate, and formed through epitaxial growth, e.g., SEG. 
The second epitaxial layer 39B includes an epitaxial silicon 
layer. The epitaxial silicon layer may contain at least one of 
germanium (Ge) and carbon (C). For example, the second 
epitaxial layer 39B may be one selected from the group con 
sisting of an epitaxial silicon germanium (SiGe) layer, an 
epitaxial silicon carbon (SiC) layer, and an epitaxial silicon 
germanium carbon (SiGeC) layer. 
The amount of stress applied to the channel C can be 

adjusted depending on the concentration of germanium or 
carbon contained in the second epitaxial layer 39B. This is 
because the difference in lattice constant between the sub 
strate 31 and the second epitaxial layer 39B increases as the 
concentration of germanium or carbon contained in the sec 
ond epitaxial layer 39B increases. As the difference in lattice 
constant between the substrate 31 and the second epitaxial 
layer 39B increases, the amount of stress applied to the chan 
nel C increases so that the strained channel C can be effec 
tively formed. However, the concentration and the layer qual 
ity have a trade-off relationship. That is, as the concentration 
of germanium or carbon contained in the second epitaxial 
layer 39B increases, the layer quality of the second epitaxial 
layer 39B decreases. Therefore, the concentration of germa 
nium contained in the epitaxial silicon germanium layer may 
be in the range of approximately 5% to approximately 50%, 
and the concentration of carbon contained in the epitaxial 
silicon carbon layer may be in the range of approximately 
0.1% to approximately 10%. 
The electrical properties of a semiconductor device can be 

controlled depending on what kinds of germanium or carbon 
are contained in the second epitaxial layer 39B. To be spe 
cific, the second epitaxial layer 39B may be formed of an 
epitaxial SiGe layer in a PMOS. This is because the epitaxial 
SiGe layer applies a compressive stress to the channel C to 
increase hole mobility. In contrast, the second epitaxial layer 
39B is formed of an epitaxial SiC layer in an NMOS because 
the epitaxial SiC layer applies tensile stress to the channel C 
to increase electron mobility. 

Furthermore, the second epitaxial layer 39B may include 
dopant to adjust conductivity because the second epitaxial 
layer 39B acts as the source S and the drain D. The kind of 
dopant, doping concentration, and doping method can be 
determined and controlled according to device characteris 
tics. To be specific, a PMOS may use p-type dopant such as 
boron (B), and an NMOS may use n-type dopant such as 
phosphor(P) or arsenide (AS). The doping concentration may 
be in the range of approximately 1x10" atoms/cm to 
approximately 1x10' atoms/cm. The doping process is per 
formed in-situ during the formation of the second epitaxial 
layer 39B, or may be performed using ion implantation after 
the second epitaxial layer 39B grows. 
The gate pattern 35 may include a gate dielectric layer32. 

a gate electrode 33, and a gate hard mask layer 34. The gate 
dielectric layer 32 may include an oxide, e.g., silicon oxide 
(SiO) layer. The gate electrode 33 may include one layer 
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selected from the group consisting of a polysilicon layer, a 
metal layer, a conductive metal nitride layer, a conductive 
metal oxide layer, and a metal silicide layer, or a multilayer 
thereof. The metal layer may include tungsten (W), nickel 
(Ni) or titanium (Ti). The conductive metal nitride layer may 
include a titanium nitride (TiN) layer. The conductive metal 
oxide layer may include an iridium oxide (IrO) layer. The 
metal silicide layer may include a titanium silicide (TiSi) 
layer. The gate hard mask layer 34 may include a monolayer 
selected from the group consisting of an oxide layer, a nitride 
layer, an oxynitride layer, and an amorphous carbon layer, or 
a multilayer thereof. The oxide layer may include boronphos 
phorus silicate glass (BPSG), phosphorus silicate glass 
(PSG), tetra ethyl ortho silicate (TEOS), undoped silicate 
glass (USG), spin-on glass (SOG), high-density plasma 
(HDP), or spin-on dielectric (SOD). The nitride layer may 
include a silicon nitride (SiNa) layer. The oxynitride layer 
may include a silicon oxynitride (SiON) layer. 
As described above, the semiconductor device in accor 

dance with one or more embodiments includes the recess 
pattern 38 of which the side surface 38A extends below the 
gate pattern35, which makes it possible to increase a Volume 
of the second epitaxial layer 39B without an increase in a 
depth of the recess pattern 38. That is, the volume of the 
second epitaxial layer 39B can be increased without increas 
ing the growth thickness of the second epitaxial layer 39B. 
The increase in the volume of the second epitaxial layer 

39B can induce a strain in the channel Ceffectively, so that the 
electrical properties of the semiconductor device with the 
strained channel can be improved. Furthermore, the concen 
tration of germanium or carbon contained in the second epi 
taxial layer 39B can be reduced by increasing the volume of 
the second epitaxial layer 39B. This allows the layer quality 
of the second epitaxial layer 39B to be improved. 

In addition, the growth thickness of the second epitaxial 
layer 39B is not increased, so that a defect-free epitaxial layer, 
i.e., the second epitaxial layer 39B with excellent layer qual 
ity can be obtained and the productivity of the second epi 
taxial layer 39B can be improved as well. 

Moreover, in the semiconductor device in accordance with 
the another embodiment, the first epitaxial layer 39A is pro 
vided, and therefore, it can inhibits the diffusion of dopant 
from the second epitaxial layer 39B serving as the source S 
and the drain D to thereby adjust the junction length between 
the source S and the drain D. Also, it is possible to prevent the 
deterioration of the quality of the second epitaxial layer 39B 
that may be caused by residues or Surface defects existing on 
the surface of the recess pattern 38. 

Consequently, in accordance with one or more embodi 
ments, device characteristics can be enhanced by increasing 
an operation speed and operation current of the semiconduc 
tor device with the strained channel. 

FIGS. 5A to 5E illustrate a method for fabricating the 
semiconductor device with a strained channel in accordance 
with the another embodiment. 

Referring to FIG. 5A, a gate pattern 35 is formed on a 
substrate 31. Here, although not shown, a device isolation 
structure is formed to isolate devices before the formation of 
the gate pattern 35. 

The gate pattern 35 may include a gate dielectric layer32. 
a gate electrode 33, and a gate hard mask layer 34. The gate 
dielectric layer 32 may include an oxide layer, e.g., a silicon 
oxide (SiO) layer, and the silicon oxide layer may beformed 
using a thermal oxidation process. The gate electrode 33 may 
include a monolayer selected from the group consisting of a 
polysilicon layer, a metal layer, a conductive metal nitride 
layer, a conductive metal oxide layer, and a metal silicide 
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12 
layer, or a multilayer thereof. The gate hard mask layer 34 
may include a monolayer selected from the group consisting 
of an oxide layer, a nitride layer, an oxynitride layer, and an 
amorphous carbon layer, or a multilayer thereof. The sub 
strate 31 may include a silicon substrate. 

First gate spacers 36 are formed on both sidewalls of the 
gate pattern35. The first gate spacers 36 may include a mono 
layer or a multilayer of oxide and/or nitride. The oxide layer 
includes a silicon oxide layer (SiO), and the nitride layer 
may include a silicon nitride (SiNa) layer. 

Here, the first gate spacers 36 may be formed in various 
ways. For example, a nitride layer is formed over the substrate 
31 including the gate pattern 35, and a blanket etch is then 
performed to form the gate spacers 36. The blanket etch may 
be performed using an etch-back process. 

Referring to FIG. 5B, the substrate 31 is etched to a pre 
determined depth using the gate pattern 35 and the first gate 
spacers 36 as an etch barrier, which, in this embodiment, is 
also referred to as a primary etch for simplicity. The primary 
etch, which is a process of forming a recess pattern of which 
a side surface extends below the gate pattern 35, may be 
controlled Such that an etch depth is in the range of approxi 
mately 20% to approximately 50% with respect to a total 
depth of a recess pattern to be formed later. 

Here, the primary etch may be performed anisotropically. 
Therefore, the primary etch may be performed using an aniso 
tropic dry etch. The anisotropic dry etch may be performed 
ex-situ or in-situ. For reference, the meaning of anisotropic 
dry etch performed ex-situ is that the etching process of 
forming the first gate spacer 36 and the primary etch are 
performed in different chambers, respectively, or performed 
in the same chamber discontinuously. The meaning of aniso 
tropic dry etch performed in-situ is that the etching process of 
forming the first gate spacer 36 and the primary etch are 
performed in the same chamber continuously. 
To be specific, the primary etch using the anisotropic dry 

etch may be performed using plasma including a gas contain 
ing fluorine (F) and carbon (C) and a gas mixture of oxygen 
(O) gas and argon (Ar) gas. The gas containing fluorine (F) 
and carbon (C) may include fluorocarbon (CF) gas, wherex 
andy are natural numbers, or fluoromethane (C, H,F), where 
X, y and Z are natural numbers. The fluorocarbon gas may 
include CF, CF, etc., and the fluoromethane gas may 
include CHF CHF, etc. For example, the primary etch 
may be performed using a plasma of gas mixture of CF/O/ 
Ar, or a plasma of gas mixture of CHF/O/Ar. 

Referring to FIG. 5C, an insulation layer for a gate spacer 
is formed over the substrate 31 including the first gate spacers 
36, and a blanket etch, e.g., etch-back process is then per 
formed to form the second gate spacers 37 on both sidewalls 
of the gate pattern 35 including the first gate spacers 36. 
Resultantly, the second gate spacers 37 are formed to cover 
both sidewalls of the gate pattern 35 and both sidewalls of a 
portion of the substrate 31 protruding upward, which has been 
formed by way of the primary etch. 

Here, the second gate spacer 37 may include a monolayer 
or a multilayer formed of oxide and/or nitride. A thickness of 
the second gate spacer 37 can be controlled in consideration 
of a Subsequent process of forming a recess pattern. 
The substrate 31 is etched using the gate pattern 35 and the 

second gate spacer 37 as an etchbarrier to thereby form recess 
patterns 38 of which side surfaces 38A extend below the gate 
pattern 35. Hereinafter, this etching process will also be 
referred to as a secondary etch. The recess patterns 38 are 
regions where a source and a drain will be formed. 
The secondary etch for forming the recess pattern 38 of 

which the side surface 38A extends below the gate pattern35, 
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may be performed such that the substrate 31 is etched to an 
etch depth ranging from approximately 100 A to approxi 
mately 1,000A in a vertical direction, and also etched suffi 
ciently in a horizontal (lateral) direction considering a thick 
ness of the first gate spacer 36, a thickness of the second gate 
spacer 37, a channel length, and a height of the gate pattern 
35. 

Furthermore, this secondary etch may be performed iso 
tropically to extend the side surface 38A of the recess pattern 
38 below the gate pattern 35. Therefore, the secondary etch 
may be performed using an isotropic dry etch or isotropic wet 
etch. The isotropic dry etch may be performed ex-situ or 
in-situ. 

For example, when the secondary etch is performed using 
the isotropic dry etch, the secondary etch may be performed 
using a plasma of a gas mixture containing HBr, Cl, and SF. 
As well known, a silicon layer (or silicon substrate) is widely 
used for isotropic etch because silicon exhibits excellent reac 
tivity with HBr, Cl, and SF. Here, since the secondary etch 
is an isotropic etch, the substrate 31 is etched only in a vertical 
direction due to the second gate spacer 37 at an initial etching 
stage. However, as the secondary etch is further performed to 
expose the substrate 31 uncovered with the secondary gate 
spacer 37, the substrate 31 begins to be etched in a horizontal 
direction. Resultantly, it is possible to form the recess pattern 
38 having the side surface 38A of which an etch profile has the 
shape of C or -, as illustrated in FIG.5C. 

Meanwhile, etch by-products may be produced during the 
secondary etch, and remain on the Surface of the recess pat 
tern 38. If the etch by-products remain on the surface of the 
recess pattern 38, a defect may be generated in an epitaxial 
layer due to the remaining etch by-products during a Subse 
quent epitaxial growth, or the adhesion between the epitaxial 
layer and the substrate 31 reduces so that the epitaxial layer 
may not grow well. 
When the secondary etch is performed using plasma, the 

Surface of the recess pattern 38 may be damaged by plasma, 
causing defects to be generated on the Surface of the recess 
pattern 38. The defects on the surface of the recess pattern 38 
propagate into the epitaxial layer during an epitaxial growth 
to be performed later, which may lead to a decrease in layer 
quality of an epitaxial layer. 

Therefore, referring to FIG. 5D, a cleaning treatment is 
performed on the surface of the recess pattern 38 to remove 
residues, e.g., etch by-products remaining on the Surface of 
the recess pattern 38, and also to cure Surface damage of the 
recess pattern 38. The cleaning treatment may be performed 
using either of wet cleaning or dry cleaning or both of wet 
cleaning and dry cleaning. To be specific, the dry cleaning 
may be performed using a gas mixture of CF and O, and the 
wet cleaning may be performed using a mixed solution of 
Sulfuric acid (H2SO4) and hydrogen peroxide (H2O) or using 
a buffered oxide etchant (BOE) which is a mixed solution of 
NHF and HF. 

Also, the cleaning treatment may be performed in-situ in an 
apparatus of forming an epitaxial layer. The cleaning treat 
ment may be performed using a gas or solution having good 
etch selectivity allowing damage to the first and second gate 
spacers 36 and 37 to be minimized. Furthermore, the cleaning 
treatment may be performed at a relatively low temperature, 
e.g., in the range of room temperature to approximately 600 
C. 

In this way, it is possible to prevent defects from being 
generated in an epitaxial layer to be formed later, by removing 
residues, such as a natural oxide and an etch by-product 
remaining on the Surface of the recess pattern, and simulta 
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14 
neously curing the Surface damage of the recess pattern 
through the cleaning treatment. 

Meanwhile, the cleaning treatment can effectively remove 
the residues remaining on the surface of the recess pattern 38 
because the cleaning treatment is based on the chemical reac 
tion of cleaning gases or cleaning Solutions. However, there is 
a limitation to the removal of Surface defects, for example, a 
physical defect Such as lattice unconformity of the recess 
pattern 38 caused by plasma. 

Therefore, referring to FIG. 5E, a first epitaxial layer 39A 
serving as a protection layer is formed on the recess pattern 38 
to cure the physical defect on the surface of the recess pattern 
38 that remains after the cleaning treatment. The first epi 
taxial layer 39A may be formed through SEG. The first epi 
taxial layer 39A may be formed of a material having the same 
lattice constant as the Substrate 31, e.g., silicon Substrate, to 
effectively cure physical defects, such as a lattice nonconfor 
mity, on the surface of the recess pattern. That is, the first 
epitaxial layer 39A may be formed of epitaxial silicon. 
The first epitaxial layer 39A inhibits the diffusion of dopant 

from a second epitaxial layer 39B and thus maintains a junc 
tion depth between the source S and the drain D shallow. 
Therefore, the first epitaxial layer 39A may be formed of 
undoped epitaxial silicon. 
The second epitaxial layer 39B is formed on the recess 

pattern 38 using an epitaxial growing apparatus, and fills the 
recess pattern 38. The second epitaxial layer 39B serves as a 
Source S and a drain D, and is formed of a material having a 
different lattice constant from that of the substrate 31, i.e., 
silicon substrate. By virtue of the difference in lattice constant 
between the second epitaxial layer 39B and the substrate 31, 
a strained channel C can be formed in the Substrate 31 
between the source S and the drain D. 
The growth thickness of the epitaxial layer 39 is deter 

mined depending on the depth of the recess patternand device 
characteristics, and may be in the range of approximately 100 
A to approximately 2,000 A. 

Alternatively, the second epitaxial layer 39B may be 
formed through epitaxial growth, for example, selective epi 
taxial growth (SEG). The second epitaxial layer 39B and the 
first epitaxial layer 39A may be formed in-situ. At this time, 
the second epitaxial layer 39B includes an epitaxial silicon 
layer, and the epitaxial silicon layer contains either germa 
nium or carbon or both of germanium and carbon. For 
example, the second epitaxial layer 39B may be formed of 
one selected from the group consisting of an epitaxial silicon 
germanium (SiGe) layer, an epitaxial silicon carbon (SiC) 
layer, and an epitaxial silicon germanium carbon (SiGeC) 
layer. 
The electrical properties of a semiconductor device can be 

controlled depending on the kinds of germanium or carbon 
contained in the second epitaxial layer 39B. Therefore, the 
second epitaxial layer 39B in a PMOS may be an epitaxial 
silicon germanium layer because the epitaxial silicon germa 
nium layer applies a compressive stress to the channel to 
increase hole mobility. Likewise, the second epitaxial layer 
39B in an NMOS may be an epitaxial silicon carbon layer 
because the epitaxial silicon carbon layer applies a tensile 
stress to the channel to increase electron mobility. 
The amount of stress applied to the channel C can be 

adjusted depending on the concentration of germanium or 
carbon contained in the second epitaxial layer 39B. This is 
because the difference in lattice constant between the sub 
strate 31 and the second epitaxial layer 39B increases as the 
concentration of germanium or carbon contained in the sec 
ond epitaxial layer 39B increases. As the difference in lattice 
constant between the substrate 31 and the second epitaxial 
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layer 39B increases, the amount of stress applied to the chan 
nel C also increases so that the strained channel C can be 
effectively formed. However, the concentration and the layer 
quality have a trade-off relationship. That is, as the concen 
tration of germanium or carbon contained in the second epi 
taxial layer 39B increases, the layer quality of the second 
epitaxial layer 39B decreases. Therefore, the concentration of 
germanium contained in the epitaxial silicon germanium 
layer may be in the range of approximately 5% to approxi 
mately 50%, and the concentration of carbon contained in the 
epitaxial silicon carbon layer may be in the range of approxi 
mately 0.1% to approximately 10%. 

Furthermore, the second epitaxial layers 39B may include 
dopant because they serve as the source S and the drain D. The 
kind of dopant, doping concentration, and doping method can 
be determined and controlled according to device character 
istics. To be specific, a PMOS may use p-type dopant such as 
boron (B), and an NMOS may use n-type dopant such as 
phosphor(P) or arsenide (AS). The doping concentration may 
be in the range of approximately 1x10" atoms/cm to 
approximately 1x10' atoms/cm. The doping process is per 
formed in-situ during the formation of the second epitaxial 
layer 39B, or may be performed using ion implantation after 
the second epitaxial layer 39B grows. 

The second epitaxial layer 39B may beformed in an appa 
ratus employing one selected from the group consisting of 
low pressure chemical vapor deposition (LPCVD), very low 
pressure CVD (VLPCVD), plasma enhanced-CVD (PE 
CVD), ultrahigh vacuum CVD (UHVCVD), rapid thermal 
CVD (RTCVD), atmosphere pressure CVD (APCVD) and 
molecular beam epitaxy (MBE). The second epitaxial layer 
39B may grow at a temperature ranging from approximately 
400° C. to approximately 800° C. 

Through the above-described procedure, the semiconduc 
tor device with the strained channel C in accordance with the 
another embodiment can be fabricated. 
As described above, the semiconductor device in accor 

dance with one or more embodiments includes the recess 
pattern 38 of which the side surface 38A extends below the 
gate pattern35, which makes it possible to increase a Volume 
of the second epitaxial layer 39B without an increase in a 
depth of the recess pattern 38. That is, the volume of the 
second epitaxial layer 39B can be increased without increas 
ing the growth thickness of the second epitaxial layer 39B. 
The increase in the volume of the second epitaxial layer 

39B can induce a strain in the channel C effectively, thereby 
improving electrical properties of the semiconductor device 
with the strained channel. Furthermore, the concentration of 
germanium or carbon contained in the second epitaxial layer 
39B can be reduced by increasing the volume of the second 
epitaxial layer 39B. This allows the layer quality of the sec 
ond epitaxial layer 39B to improve. 

In addition, the growth thickness of the second epitaxial 
layer 39B is not increased so that the defect-free epitaxial 
layer, i.e., the second epitaxial layer 39B with excellent layer 
quality can be obtained and the productivity of the second 
epitaxial layer 39B can be improved as well. 

Moreover, in the semiconductor device in accordance with 
the another embodiment, the first epitaxial layer 39A is pro 
vided, and therefore, it can inhibit the diffusion of dopant 
from the second epitaxial layer 39B serving as the source S 
and the drain D to thereby adjust the junction length between 
the source S and the drain D. Also, it is possible to prevent the 
deterioration of the quality of the second epitaxial layer 39B 
that may be caused by residues or Surface defects existing on 
the surface of the recess pattern 38. 
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Consequently, in accordance with one or more embodi 

ments, device characteristics can be enhanced by increasing 
an operation speed and operation current of the semiconduc 
tor device with the strained channel, thus improving the yield 
of semiconductor devices. 

In accordance with the foregoing embodiments, the semi 
conductor device includes the recess pattern of which the side 
Surface extends below the gate pattern, which makes it pos 
sible to increase a volume of the epitaxial layer without an 
increase in a depth of the recess pattern. That is, the volume of 
the epitaxial layer can be increased without increasing the 
growth thickness of the epitaxial layer. 
The increase in the volume of the epitaxial layer can effec 

tively induce a strain in the channel, thus improving electrical 
properties of the semiconductor device with the strained 
channel. Furthermore, the concentration of germanium or 
carbon contained in the epitaxial layer can be reduced by 
increasing the volume of the epitaxial layer. This allows the 
layer quality of the epitaxial layer to improve. 

In addition, the growth thickness of the epitaxial layer is 
not increased, so that a defect-free epitaxial layer, i.e., the 
epitaxial layer with excellent layer quality can be obtained 
and the productivity of the epitaxial layer can be improved as 
well. 

Moreover, when the protection layer is further provided, it 
can inhibits the diffusion of dopant from the second epitaxial 
layer serving as the Source and the drain to thereby adjust the 
junction length between the source and the drain. Further 
more, it is possible to prevent the quality of the second epi 
taxial layer due to residues or Surface defects existing on the 
Surface of the recess pattern. 

Consequently, in accordance with one or more embodi 
ments, device characteristics can be improved by increasing 
an operation speed and operation current of the semiconduc 
tor device with the strained channel. This can also improve the 
yield of semiconductor devices. 

While the various embodiments have been described, it 
will be apparent to those skilled in the art that various changes 
and modifications may be made. 
What is claimed is: 
1. A semiconductor device, comprising: 
a gate pattern over a Substrate and having two sidewalls 

opposite to each other, 
recess patterns provided in the substrate at both sides of the 

gate pattern which correspond to the sidewalls of the 
gate pattern, respectively, each having a side Surface 
extending under the gate pattern; 

a source and a drain respectively filling the recess patterns, 
and forming a strained channel under the gate pattern; 

first gate spacers formed in direct contact with the two 
sidewalls of the gate pattern; and 

second gate spacers formed in direct contact with (i) the 
first gate spacers and (ii) sidewalls of the substrate which 
are formed above the side surfaces of the recess pattern. 

2. The semiconductor device of claim 1, further comprising 
protection layers each disposed between the substrate and the 
source and between the substrate and the drain. 

3. The semiconductor device of claim 2, wherein the pro 
tection layers comprise a material having a lattice constant 
equal to that of the substrate. 

4. The semiconductor device of claim 2, wherein the pro 
tection layers comprise an epitaxial layer formed by an SEG. 

5. The semiconductor device of claim 2, wherein the pro 
tection layers comprise an epitaxial silicon layer. 

6. The semiconductor device of claim 1, wherein the source 
and the drain comprise an epitaxial layer formed by a selec 
tive epitaxial growth (SEG). 
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7. The semiconductor device of claim 1, wherein the source 
and the drain comprise one layer selected from the group 
consisting of an epitaxial silicon germanium (SiGe) layer, an 
epitaxial silicon carbon (SiC) layer, and an epitaxial silicon 
germanium carbon (SiGeC) layer. 

8. The semiconductor device of claim 7, wherein a concen 
tration of germanium in the epitaxial silicon germanium layer 
is in a range of approximately 5% to approximately 50%. 

9. The semiconductor device of claim 7, wherein a concen 
tration of carbon in the epitaxial silicon carbon layer is in a 
range of approximately 0.1% to approximately 10%. 

10. The semiconductor device of claim 1, wherein the 
Source and the drain comprise an epitaxial layer doped with 
p-type or n-type dopant. 

11. The semiconductor device of claim 1, wherein the 
Substrate comprises a silicon Substrate, and the source and the 
drain comprise a material having a lattice constant differing 
from that of the substrate. 

12. The semiconductor device of claim 1, wherein one of 
the side surfaces of the recess patterns has an etch profile of 
shape of C or '-'. 

13. The semiconductor device of claim 1, wherein each of 
the second spacers is arranged between the respect recess 
pattern and the Substrate. 

14. The semiconductor device of claim 1, wherein each of 
the first spacers is sandwiched between the gate pattern and 
the respect second spacer without being in direct contact with 
the recess patterns. 
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15. A semiconductor device, comprising: 
a gate pattern formed over a substrate and having two 

sidewalls opposite to each other; 
recess patterns provided in the Substrate adjacent both 

sides of the gate pattern which correspond to the two 
sidewalls of the gate pattern, respectively, each of the 
recess patterns having an end portion formed toward 
each other and Vertically disposed under the gate pat 
tern; 

a source and a drain respectively filling the recess patterns; 
a strained channel for electrically connecting the Source 

and drain under the gate pattern; 
first gate spacers formed in direct contact with the two 

sidewalls of the gate pattern; and 
second gate spacers formed in direct contact with (i) the 

first gate spacers and (ii) sidewalls of the substrate which 
are formed above the end portions of the recess patterns. 

16. The semiconductor device of claim 15, wherein one of 
the end portions of the recess patterns has an etch profile of 
shape of C or <. 

17. The semiconductor device of claim 15, wherein each of 
the second spacers is arranged between the respect recess 
pattern and the Substrate. 

18. The semiconductor device of claim 15, wherein each of 
the first spacers is sandwiched between the gate pattern and 
the respect second spacer without being in direct contact with 
the recess patterns. 


